We studied the effects of baiting on feral swine (Sus scrofa) movements and corresponding likelihood of disease spread under real and simulated culling pressure. Our objectives were to determine the proportion of feral swine that used the bait station site, and if baiting of feral swine altered areas of utilization, distances from location centroids to treatment location (control or bait station), and movement rates by survivors during culling activities. We hypothesized that the bait station would increase the sedentary nature of feral swine, thus reducing the potential for dispersal and hence disease dispersal. Our experiment was conducted between February and May 2011 on the Rob and Bessie Welder Wildlife Foundation (WWF) in San Patricio County, Texas. We trapped 83 feral swine and placed GPS collars on 21 animals. We established and maintained a centralized bait station on one side of the WWF from 13 March to 27 April. We conducted population-wide culling activities, including trapping, controlled shooting, drive shooting, and aerial gunning, from 3 to 27 April and removed 143 feral swine (4.6 feral swine/km 2 ). Areas of utilization did not differ between treatments (control or bait station). However, we found location centroids of bait station site feral swine to be closer to the treatment location than those of control site animals and daily movement rates of bait station site feral swine to be 39% greater than movement rates of control site animals. Based on our observation that only 62% of feral swine trapped in proximity to the bait station used it, we cannot recommend baiting as an alternative to fences for containing animals during culling activities. However, there is value in using bait stations to describe patterns of feral swine movements, facilitate observation, and improve efficacy when conducting removals.
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We studied the effects of baiting on feral swine (Sus scrofa) movements and corresponding likelihood of disease spread under real and simulated culling pressure. Our objectives were to determine the proportion of feral swine that used the bait station site, and if baiting of feral swine altered areas of utilization, distances from location centroids to treatment location (control or bait station), and movement rates by survivors during culling activities. We hypothesized that the bait station would increase the sedentary nature of feral swine, thus reducing the potential for dispersal and hence disease dispersal. Our experiment was conducted between February and May 2011 on the Rob and Bessie Welder Wildlife Foundation (WWF) in San Patricio County, Texas. We trapped 83 feral swine and placed GPS collars on 21 animals. We established and maintained a centralized bait station on one side of the WWF from 13 March to 27 April. We conducted population-wide culling activities, including trapping, controlled shooting, drive shooting, and aerial gunning, from 3 to 27 April and removed 143 feral swine (4.6 feral swine/km 2 ). Areas of utilization did not differ between treatments (control or bait station). However, we found location centroids of bait station site feral swine to be closer to the treatment location than those of control site animals and daily movement rates of bait station site feral swine to be 39% greater than movement rates of control site animals. Based on our observation that only 62% of feral swine trapped in proximity to the bait station used it, we cannot recommend baiting as an alternative to fences for containing animals during culling activities. However, there is value in using bait stations to describe patterns of feral swine movements, facilitate observation, and improve efficacy when conducting removals.
Published by Elsevier B.V.
Introduction
Feral swine (Sus scrofa) are an invasive pest species, have a variety of damaging impacts around the globe, and are becoming abundant across the United States (Ditchkoff and West, 2007) . Negative impacts of feral swine include degradation of native vegetation and surface water (Cushman et al., 2004; Kaller and Kelso, 2006) , predation on wildlife and livestock (Seward et al., 2004) , and transmission of pathogens to humans and livestock (Atwill et al., 1997; Jay et al., 2007; Hall et al., 2008; Meng et al., 2009; Wyckoff et al., 2009) . Some important livestock pathogens that feral swine are susceptible to include pseudorabies virus, Brucella suis, classical swine fever virus (CSF), foot-and-mouth disease (FMD), and Mycobacterium bovis (Williams and Barker, 2001) .
Fencing has been proposed for containment of emergency disease epidemics in free-ranging feral swine (Lavelle et al., 2011) ; however pathogen containment will likely not occur with fences alone, because of their high construction costs, incomplete effectiveness, and because they are time consuming to erect (Reidy et al., 2008; Lavelle et al., 2011) . For example, in Australia it has been demonstrated that several weeks could be expected to pass before passive surveillance detected an emergency epidemic in feral swine (Hone and Pech, 1990) ; during this time there could be substantial spread of pathogens and related disease.
Therefore, emergency disease epidemics involving feral swine will rely on culling a relatively high proportion of the population to reduce the number of contact events between animals, with culling efforts exceeding a population threshold (Ward et al., 2007 (Ward et al., , 2009 (Ward et al., , 2011 . This, in turn, may lead to pathogen fadeout (Lloyd-Smith et al., 2005) , as the number of secondary infections becomes less than required for infection persistence (Wobeser, 1994) . Under this reasoning, epidemics can be contained within a zone of culling around an infected area of interest, because in that zone the population abundance will be too low for pathogens to spread, thus containing infection (Ward et al., 2007 (Ward et al., , 2009 (Ward et al., , 2011 Wobeser, 1994) . Similar logic exists for wild boar management programs seeking to control emergency disease epidemics through vaccination (Rossi et al., 2010; Ballesteros et al., 2011) .
In the United States, culling techniques for feral swine include recreational harvest, controlled shooting, aerial gunning, trapping, and snaring (Campbell and Long, 2009a) . However, motivation for feral swine movement varies with different culling methods. For example, aerial gunning has been found to have minor impacts on the movements of surviving feral swine (Dexter, 1996; Campbell et al., 2010) and ground-based pursuits resulted in the highest probability of fence breaches relative to controlled shooting and aerial gunning in enclosed settings (Lavelle et al., 2011) . Population reductions may be disruptive and could potentially trigger detrimental dispersal of infected animals (Sodeikat and Pohlmeyer, 2002) . Also, feral swine may respond to human disturbance by altering their behavior to evade human activity, thus complicating disease management activities (Hanson and Karstad, 1959; Muir and McEwen, 2007) .
Other complementary tools may need to be integrated with culling activities to minimize potential for dispersal and spread of disease. One such tool that needs evaluation is the use of strategically implemented bait stations to abate feral swine dispersal once culling activities begin. Bait stations have been used to trap feral swine (Matschke, 1962; Belden and Frankenberger, 1977; Williams et al., 2011b) , remove feral swine during controlled shooting campaigns (McCann and Garcelon, 2008) , deliver pharmaceuticals to feral swine, including toxicants (Cowled et al., 2006a,b; Campbell et al., 2011) , monitor populations relative to control activities (Reidy et al., 2011) , and divert feral swine away from seasonally available resources, such as vineyards (Calenge et al., 2004) . However, more information is needed about the impacts of baiting on feral swine behavior, particularly in the presence of common population-wide culling activities such as trapping, controlled shooting, and aerial gunning to refine strategies and develop appropriate contingency plans that could be implemented in an emergency disease epidemic.
We studied the effects of baiting on feral swine movements and corresponding likelihood of disease spread under real and simulated culling pressure. Our objectives were to determine the proportion of feral swine that used the bait station site, and if baiting feral swine altered areas of utilization, distances from location centroids to treatment location (control or bait station), and movement rates by survivors during culling activities. We hypothesized that a large proportion of animals would use the bait station site, and that baiting would cause smaller areas of utilization, focus proximity more near bait, and decrease movement relative to culling activities. However, if our data suggested that few feral swine used the bait station site and that animals ranged widely and permanently moved outside former ranges during culling activities in the presence of baiting, then this practice would be an inappropriate tool for containing feral swine during disease management campaigns.
Materials and methods

Study area
Our experiment occurred from February to May 2011 on the Rob and Bessie Welder Wildlife Foundation (WWF) (28 • 06 N, 97 • 22 W) in San Patricio County, Texas. The WWF is approximately 31 km 2 and receives an average of 91 cm of rainfall annually. The WWF is located in the Tamualipan Biotic Province of Texas, and is transitional between the Gulf Coast Prairies and Marshes and the Rio Grande Plains vegetation areas ( Fig. 1; WWF, 2009 ). The WWF is bordered on the north by the Aransas River, the west by United States Highway 77, and the south and east by private rangeland. Overstory vegetation consists of huisache (Acacia farnesiana), mesquite (Prosopis glandulosa), live oak (Quercus virginiana), cedar elm (Ulmus crassifolia), net leaf hackberry (Celtis reticulate), anaqua (Ehretia anacua) and muscadine (Vitis rotundifolia). Population density estimates from the WWF were 4.3-7.7 feral swine/km 2 (Reidy et al., 2011). Public access to the WWF was restricted during our experiment.
Animal capture
We trapped feral swine in February on the WWF using 16 rooter-door box traps (2.5 m × 1 m × 1 m) baited with whole kernel corn. Eight traps were placed on the east side of the property and 8 traps were placed on the west side of the property. Distance between east and west trapping site centroids was 8 km. We immobilized and ear-tagged all feral swine captured and placed Global Positioning System (GPS) collars (GPS 3300S, Lotek Wireless Inc., Newmarket, ON, Canada) on animals estimated to be ≥82 kg. We used physical restraint for animals not receiving collars and chemical immobilization (4.4 mg/kg body weight Telazol ® [Fort Dodge Animal Health, Fort Dodge, IA, USA] plus 2.2 mg/kg body weight xylazine; Kreeger et al., 2002) for animals receiving collars. Following handling of chemically immobilized animals, we used an intramuscular injection of yohimbine hydrochloride (0.15 mg/kg body weight; Kreeger et al., 2002) as a reversal agent. Our GPS collars continuously emitted a very high frequency (VHF) signal and were equipped with a 6-h mortality sensor. Capture and handling procedures were approved by the National Wildlife Research Center's Institutional Animal Care and Use Committee (QA-1826).
Experimental bait station
We randomly assigned bait station placement to either the east or west trapping site centroids with a flip of a coin. We established the bait station by placing 580 kg of whole kernel corn on the ground on 13 March and maintained the bait station through 27 April. We checked the bait station daily and recharged it with whole kernel corn as needed. We distributed approximately 3335 kg of bait at the station throughout the experiment. We monitored animal visitation at the west trapping site centroid (control site) and bait station (east trapping site centroid) with motion-sensing digital photography (Rapid-fire, Reconyx, Holmen, WI, USA). We determined mean daily visitation by feral swine and other mammals at each of the sites from digital images.
Culling activities
We conducted culling activities over 4 weeks from 3 to 27 April and each activity occurred over approximately one week with no temporal overlap. Culling activities were deployed at increasing levels of perceived motivation, such that trapping occurred first, followed by controlled shooting, drive shooting, and aerial gunning.
During the trapping phase, we used 4 rooter-door box traps (2.5 m × 1 m × 1 m) baited with whole kernel corn within 400 m of the control site and 4 within 400 m of the bait station site. We checked, re-baited, and set traps every morning, documenting and removing every feral swine captured. We used 20 trap nights at both the control site and bait station site and recorded the number of feral swine removed by site.
During the controlled shooting phase, we simultaneously used 2 sharpshooters at the control site and 2 sharpshooters at the bait station site during crepuscular and nocturnal hours. Controlled shooting activities occurred within 1 km of either the control site or bait station site. We used light capturing (Pinnacle-AN/PVS-7B, ITT Nightvision and Imaging Inc., Roanoke, VA, USA) and forward looking infrared (Palmir Digital Camera IR 250, Ratheon Company, Waltham, MA, USA) technologies to locate and identify animals by species. Once we identified feral swine, we either removed them with a gunshot from a scoped high-powered rifle or harassed them with bird loads fired from a 12-gauge shotgun, depending upon whether a lethal shot could be obtained. Our purpose with shots fired from shotguns was to simulate a removal attempt and no efforts to remove feral swine were made with this type of firearm. We recorded the number of hours spent, shots taken, and feral swine removed by site.
During the drive shooting phase, 2 personnel used homing techniques from 07:00 to 12:00 h to locate individual collared feral swine with the aid of their unique VHF signal, a radio receiver (R2000, Advanced Telemetry Systems Inc., Isanti, MN, USA), and a 4-element Yagi antenna. Our purpose with this phase was to drive feral swine from cover and stimulate movement of collared individuals and members of their social group. Once we initiated movement, we pursued collared animals on foot and attempted to harass animals with bird loads fired from a 12-gauge shotgun. As in the controlled shooting phase, no efforts to remove feral swine were made with this type of firearm. We attempted to perform 1-2 drives on each collared animal and no more than one drive per collared feral swine occurred per day. We georeferenced our drives with the aid of a handheld GPS unit (GPSMAP 60, Garmin International Inc., Olathe, KS, USA). We uploaded drive paths into ArcView ® 3.2 (Esri, Redlands, CA, USA). We recorded whether collared feral swine were observed individually or in a group, shots taken, and length of drives.
During the final phase, we conducted aerial gunning operations by helicopter over 2 days. We attempted to remove all feral swine observed without collars and used collared animals to aid in locating others (McIlroy and Gifford, 1997) . We recorded flight time and path, and number of marked (ear-tagged) and unmarked feral swine removed. Our helicopter was equipped with a GPS unit, and we uploaded flight paths into ArcView. We reported the estimated minimum distance between individual feral swine and the helicopter during aerial gunning.
At the conclusion of our culling activities, we initiated a 4-week period in which no baiting or culling activities occurred at either site. During this period, no human activity related to the experiment occurred. Our purpose during this period was to determine feral swine movements after cessation of baiting.
Animal movements
We programmed collars to collect locations every 4 h from 13 February to 2 April and from 8 May to 31 May. Also, collars were programmed to collect locations every 15 min from 3 April to 7 May during our culling activities. We recovered collars by radio-controlled drop-off mechanisms in June and uploaded location data into ArcView.
We estimated areas of utilization of feral swine using locations collected before baiting (13 February to 12 March), during baiting (13 March to 2 April), and after baiting (8-31 May) by site (control or bait station). We used the fixed-kernel method (Worton, 1989) to generate 95% utilization distributions (UD) and 50% UD areas using the Animal Movement Extension of ArcView (Hooge and Eichenlaub, 1997) . We used least square cross validation as the smoothing parameter on the kernel distributions (Silverman, 1986) . We overlaid 95% and 50% UD polygons on coverage maps of the WWF using ArcView. Additionally, we calculated location centroids (arithmetic mean of Universal Transverse Mercator coordinates of locations) from feral swine locations collected before baiting, during baiting, during culling activities, and after baiting and report the mean distance from location centroids to treatment location (control or bait station site). Furthermore, we calculated a minimum convex polygon (MCP; Mohr, 1947) using ArcView from locations generated before and during baiting and determined if feral swine moved outside of this area in response to culling activities.
We determined movement rates from feral swine locations collected during culling activities (3-27 April). We used the Animal Movement Extension of ArcView to calculate the distance between sequential locations. We determined the mean distance moved per day, as a measure of activity, for each culling phase (trapping, controlled shooting, drive shooting, and aerial gunning) and for days in which no human activities occurred on the WWF.
Statistical analyses
We compared feral swine UD areas, distance from location centroids to treatment locations, and movement rates between sites and among periods with a mixed model analysis of repeated measures. For these models, we used individual swine as the repeated factor or subject, treatment site as the between-subjects factor, and period as the within-subject factor using SAS PROC MIXED (Littell et al., 2006) . Additionally, for these models we selected appropriate covariant structures of either unstructured, compound symmetry, autoregressed with and without random subjects, or Toeplitz using information criteria (Littell et al., 2006) . We report Kenward-Roger adjusted analysis of covariance statistics and if a significant main effect was detected, then we compared model adjusted means using the least square means (LSMEANS) procedure in SAS PROC MIXED. We determined statistical significance at ˛ = 0.05.
Results
Animal capture, locations, and bait station visitation
We trapped 83 feral swine on the WWF and placed GPS collars on 10 animals in proximity to the control centroid and on 15 animals in proximity to the bait station. We uploaded 55,886 GPS locations from 21 recovered collars, which were successful in generating GPS locations on 84% of attempts. Prior to experimentation, one animal slipped its collar and one animal died. Additionally, we were unable to locate and recover one collar and one collar malfunctioned. Our analysis of location data indicated that 5 of 13 animals trapped in proximity to the bait station did not use the bait station. Mean (range) of distances from trap sites to the bait station for animals that used and did not use the bait stations were 624 m (238-1847) and 953 m (241-2134), respectively. Hereafter, we considered only animals that used the bait station as treatment animals (5 males and 3 females) and all others as control animals (9 males and 4 females).
At the control site we recorded 47 visits by white-tailed deer (Odocoileus virginianus), 26 visits by collared peccaries (Pecari tajacu), 16 visits by feral swine, and 4 visits by raccoons (Procyon lotor). At the bait station site we documented 2695 visits by feral swine, 96 visits by white-tailed deer, 17 visits by collared peccaries, and 5 visits by raccoons. Mean daily visitation at the bait station site peaked for feral swine from 3 to 9 April during week 4 of baiting (trapping phase) and for white-tailed deer from 17 to 23 April during week 6 of baiting (drive shooting phase; Fig. 2 ). Feral swine visitation to the bait station site dropped precipitously from 10 to 16 April during week 5 of baiting (controlled shooting phase) and from 24 to 30 April during week 7 of baiting (aerial gunning phase; Fig. 2 ).
Culling activities
During the trapping phase, we captured and removed one feral swine from the control site and 2 feral swine from the bait station site. All animals removed were marked previously with ear-tags from our original trapping effort. Also, the animal from the control site had previously slipped its collar and an animal from the bait station site was collared.
During the controlled shooting phase, we applied 53.7 h of effort to the control site and 54.8 h of effort to the bait station site. We fired 17 shots on the control site and 20 shots on the bait station site. We removed 7 feral swine from the control site and 7 feral swine from the bait station site. Two of the removed animals from the control site were marked and 3 animals from the bait station site were marked, including one with a collar.
We conducted 27 drives on 20 collared feral swine during the drive shooting phase; 2 drives were conducted on 7 feral swine. Mean (range) distance per drive was 457 m (12-1600). Mean (range) shots made per drive were 12
(2-31). Mean (range) group size observed per drive were 3 (1-10). We removed one collared feral swine from the control site during this phase due to safety concerns of personnel; this animal was removed from a distance of 1 m.
During the aerial gunning phase, our helicopter flight time was 12.0 h, during which we removed 125 feral swine (10.4 feral swine removed/h). We estimated there were 51 marked feral swine without collars alive during aerial gunning, of which 12 were shot from the helicopter (24%). We determined the mean (range) minimum distance between collared feral swine and the helicopter during aerial gunning to be 22 m (1-65).
Animal movements
We found no interaction between sites and periods for the 95% and 50% UD areas. The 95% UD areas did not differ between sites (Table 1 ; F 1,19.1 = 2.02, P = 0.171), but varied among periods (F 2,31.8 = 5.00, P = 0.013). Utilization distributions were greater before baiting than during and after baiting. Similarly, 50% UD areas did not differ between sites (F 1,17.3 = 0.74, P = 0.400), but varied among periods (F 2,13.6 = 4.20, P = 0.038). These utilization distributions during baiting were less than before and after baiting. We found 7 of 8 feral swine in the bait station treatment to shift their 50% UD to include the bait station site during baiting and that the 50% UD did not include the bait station site or control site before or after baiting for any feral swine.
We found no interaction between sites and periods for the distance of feral swine location centroids to treatment location (control or bait station sites). Distance of feral swine location centroids to treatment location varied between sites (Table 2 ; F 1,18.6 = 5.86, P = 0.026), but not among periods (F 3,47.5 = 2.58, P = 0.064). We found location centroids of bait station site feral swine to be closer than those of control site feral swine. Also, we observed that 10 of 21 feral swine moved outside their before baiting MCP and during baiting MCP, presumably in response to culling activities. Specifically, 4 animals moved a mean distance of 780 m for a mean duration of 86 min in response to trapping activities; 2 animals moved a mean distance of 988 m for a mean duration of 412 min in response to controlled shooting; 4 animals moved a mean distance of 1113 m for a mean duration of 544 min in response to drive shooting; and 2 animals moved a mean distance of 1700 m for a duration of 240 min in response to aerial gunning. These movements outside of former ranges were conducted independently of treatment group, with 5 different control site animals and 5 different bait station site animals displaying movements. We observed no interaction between sites and period for the mean distance moved per day. Distance of feral swine movements differed between sites (Table 3 ; F 1,16.7 = 14.50, P = 0.002), but not among periods (F 4,62.1 = 0.68, P = 0.608). We found feral swine daily movement rates of bait station site feral swine to be approximately 1958 m (39%) greater than movement rates of control site animals (Table 3) . 
Discussion
Techniques for containing emergency disease epidemics within feral swine have only recently been considered in the United States (Lavelle et al., 2011) . One requisite for such evaluations is the presence of intense human activity at the population level of feral swine. We believe our culling activities were effective at simulating real-world population level disease control situations. For example, over 4 weeks we deployed 4 commonly used feral swine population control techniques, which were aided by state-of-the art technologies. Throughout the experiment, we were successful in removing 143 feral swine (4.6 feral swine/km 2 ). We believe this removal rate is conservative because we were neither attempting to remove feral swine during the drive shooting phase, nor were we attempting to remove collared animals during the aerial gunning phase. A large proportion of feral swine removals occurred during the aerial gunning phase (87%) and only 2% were removed during the trapping phase. These findings support conclusions that aerial gunning is a viable tool for managing emergency disease epidemics in feral swine populations occurring on rangelands (Campbell et al., 2010) and that a pre-baiting period is needed to allow feral swine time to discover bait at trap sites (Saunders and Bryant, 1988; Williams et al., 2011a) .
Our visitation rates at the bait station site suggested that it was used heavily, but not exclusively, by feral swine. Visitation by collared peccaries and raccoons was minimal throughout the experiment, whereas visitation rates by white-tailed deer increased steadily with time. We attribute the reduction in bait station visitation by feral swine during the controlled shooting phase to the presence of personnel performing culling activities. These activities were conducted during crepuscular and nocturnal hours when swine normally visited the bait station. Similar human avoidance behavior by feral swine has previously been demonstrated in other regions (Muir and McEwen, 2007) . We attribute the reduction in bait station visitation by feral swine during the aerial gunning to the general disturbance and overall reduction in feral swine abundance that occurred during this phase.
Our prediction that a large proportion of collared feral swine would use the bait station site was not supported by the data. Sixty-two percent of feral swine that were trapped in proximity to the bait station site used it, including one animal that was originally trapped and collared 241 m away. Similar observations have been made within populations of other ungulates. For example, researchers studying white-tailed deer in West Virginia found from 42 to 62% of animals used bait sites, depending upon season (Campbell et al., 2006a) . Explanations for our relatively low use of the bait station site include the availability of alternative forages (McIlroy et al., 1993) , social interactions (Sparklin et al., 2009) , or other factors such as initial bait placement not targeting a group of feral swine (Williams et al., 2011a) . Future research aimed at increasing the proportion of feral swine using bait stations should consider incorporating multiple bait stations in proximity versus a single large bait station like we deployed and evaluated here.
Similarly, our hypothesis that baiting would cause smaller areas of utilization of feral swine was not directly supported by the data. In fact, means of 95% and 50% UDs from the control site and the bait station site were similar during baiting. However, different patterns for UDs areas were evident between the control site and the bait station site. Control site feral swine reduced their UDs over time, whereas bait station site animals reduced their UDs during baiting, followed by expansion after baiting. We believe the presence of the bait station likely explains these observed patterns, as further evidenced by the observation that 88% of the bait station site feral swine shifted their 50% UD to include the station during baiting. The presence of the bait station altered the areas of utilization of feral swine and a substantial proportion of their time was spent in proximity. Also, the reduction in the control site utilization distributions over time may be attributed to rising temperatures relegating feral swine to areas near water due to thermoregulatory needs (Baber and Coblentz, 1986) .
Our prediction that baiting of feral swine would result in location centroids being closer to the bait station were supported by the data. Furthermore, a trend was evident for bait station site feral swine in which location centroids were closer to the bait station during baiting and culling activities than before and after baiting. These data further illustrate the heavy use of the bait station by these feral swine. Although there are no registered toxicants for use on feral swine in the United States, in many countries toxic baits are socially acceptable and registered for use in emergency disease epidemics and other applications (Cowled et al., 2006a,b; Lapidge et al., in press) . Our data demonstrate that while there are major non-target issues with delivering pharmaceuticals to feral swine through baits in the United States (Campbell et al., 2006b; Long, 2007, 2009b) , 62% of feral swine in proximity to the bait station used it and could have received a toxic dose or a vaccine dose. This proportion of the population would likely be adequate to lead to disease fadeout and epidemic containment.
Our culling activities resulted in movements outside of former MCP ranges by 48% of feral swine. However, these movements were short in distance (≤1700 m) and duration (≤544 min) and were conducted by both control site and bait station feral swine. Similar findings have been observed for feral swine pressured with drive hunts in Lower Saxony, Germany (Sodeikat and Pohlmeyer, 2002) , trapping and controlled shooting at Fort Benning, Georgia (Sparklin et al., 2009) , and aerial gunning in southern Texas (Campbell et al., 2010) . Collectively, these studies suggest that common culling activities have only minor impacts on feral swine movements and feral swine are unlikely to disperse and spread pathogens long distances in response to culling activities. Furthermore, feral swine that we studied were healthy and animals of concern in an emergency disease epidemic scenario may be unhealthy and more sedentary. Consequently, the movements we report here are a worst-case scenario.
Counter to our hypothesis, feral swine using the bait station displayed elevated movement rates compared to control site animals. We had predicted that this measure of activity would be less for feral swine using the bait station because their movements would be confined to areas in proximity to the bait station. However, our original bait station placement did not consider the close association between feral swine and sources of free water for physiological needs and thermoregulation (Baber and Coblentz, 1986) . We believe that these animals displayed greater daily movements because they regularly travelled to the bait station and sources of free water, which were distant. Alternatively, feral swine using the bait station may have retreated to cover that was distant, resulting in greater movement rates. Contingency planning for emergency disease epidemics should consider the spatial arrangement of critical habitat features, such as free water and cover, when formulating appropriate management activities. It may be appropriate to strategically place bait stations to facilitate movement by feral swine along likely travel routes to enable their removal.
Conclusion
Based on our observation that only 62% of feral swine trapped in proximity to the bait station used it, we cannot recommend baiting as an alternative to fences for containing animals during culling activities. However, a high proportion of feral swine that used the bait station shifted their 50% UD to include the station during baiting, suggesting there is value in using bait stations to establish patterns of feral swine movements, facilitate observation, and improve efficacy when conducting removals. Focal baiting could also be a valuable component of integrated management for controlling feral swine in conjunction with other strategies like culling and fencing. Additionally, practitioners of emergency disease epidemic management can expand culling zones to exceed estimated movement distances and depopulate feral swine below a threshold density, resulting in disease containment (Ward et al., 2007 (Ward et al., , 2009 (Ward et al., , 2011 Wobeser, 1994) . Lastly, our observations that culling activities, which resulted in severe persecution, did not impact feral swine movements greatly is important in planning for emergency disease epidemics.
